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@ Pleochroic anthraquinone dyes.

@ A material suitable for a guest-host liquid crystai device
comprises a solution of a liquid crystal material and a
pleochroic dye where in the pleochroic dye comprises at
least one anthrquinone compound free from water solubilis-
ing and ionic substituents and having the formula:

X 0 X
X 0 X
wherein
Q is NH;, OH, alkyl, aryl, NO; or halo;
nis 0 to 4;

each X independently is H, —SR, —NZ;Z, or Q;

each R independently is alkyl, aryl or cycloalkyl;

Z, and Z, are independently H, alkul, cycloalkyl or aryl;
provided that there are at least two groups X which are
different —SR groups.
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The present invention is concerned with organic
materials, in particular with pleochroic dyes in solution
with liquid crystal materials e.g. for electro-optic
display applications.

5 Liquid crysfal materials are well known organic
materials which display phases, known as liquid crystal
phases or mesophases, having a degree of molecular ordering
intermediate between that of the fully ordered crystalline

solid state and the fully disordered isotropic liquid
10 state.

Electro-optical devices incorporating liquid crystal
materials are well known and widely used as digital
displays in such applicdtions as watches, calculators and
digital voltmeters. These devices utilise the optical

15 contrast when an electric field is applied across a thin
insulating film of suitable liquid crystal material. The
molecules of the material (in a liquid crystal phase at the
temperature of operation) are re-orientated by the field
causing a change in an optical property of the part of the

20 film where the field is applied, e.g. a change in ambient

light scattering or transmissivity.

Liquid crystal materials have the property that
their molecules can impose their ordering upon the molecules
of other suitable dopant materials incorporated within

25 them. This property is the basis of so-called "guest-host"
devices e.g. display devices in which the host liguid
crystal material and its guest material have one molecular
configuration in the absence of an applied electric field

thari~and another molecular configuration when an electric field

30 is applied across the material. The guest material is
usually a pleochroic dye, which is a dye whose molecular
absorption properties vary with the orientation of the

electric vector of light incident upon its molecules.
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The presence of such a dye can be used to enhance
the contrast between the off state (with no electric field
applied) and the on state (with electric field applied)
of a liquid crystal display because the orientation of
the dye molecules is in effect switchable by the effect
of the applied electric field on the liquid crystal
molecules and by the consequent re-orientation of the
dye molecules by the guest-host effect.

As discussed further be low there are several kinds
of liquid crystal effects which can make use of the guest-host
effect in electro-optical displays. These vary according
to the kind of liquid crystal material used and the
configuration of its molecules in the off state (e.g. as
determined by the surface treatments of the substrates
employed to contain the film of liquid crystal -
material).

In order to provide maximum contrast between the
on and off states of a guest-host liquid crystal display
it is important that the guest molecules adopt as closely
as possible the time averaged orientation of the host
molecules. However this is achieved only to a limited
degree because of random thermal fluctuations. The
degree to which the orientation varies from the ideal
is measured by a quantity known as the order parameter S

which is given by the following equation :
1 2
S = 2 (3 cos e -1) Equation (1)

2 . .
where cos © is a time averaged term and © is the

instantaneous angular orientation of the molecules with
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respect to the time averaged orientation of the host
molecules. The determination of the value of the order
parameter S is well understood in the art; see for
example the paper "A new absorptive mode reflective liquid
crystal display device" by D.L.White and G.N.Taylor
in the Journal of Applied Physics, 1974, 45 pages
4718 to 4723.

For perfect orientation the order parameter S is
unity (that is © is zero). Thus, pleochroic dyes for
use in guest-host devices should have an order parameter
in the liquid crystal host as high as possible (i.e. less
than one but as near to one as possible). However they
must also have adequate chemical, photochemical and
electrochemical stability, e.g. stability when exposed -
to atmospheric contaminants, electric fields (as in -
device operation) and to ultra-violet radiation. They
should not be ionic or have any ionisable character
(otherwise the liquid crystal material will lose its
insulating nature and conduct making the device useless).
They must also have sufficient solubility in the host
materials; although the concentration of guest pleochroic

dye required for the desired effect is generally guite

small (e.g. not more than a few per cent of dye) nevertheless

many pleochroic dyes are unsuitable because they are
essentially insoluble in liquid crystal materials.

In UK Patent Application GB 2043097a, liquid
crystal compositions have been proposed which can contain

symmetrical dyes of the formula:
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Formula A
R/\LcL

wherein RA is hydrogen or a non-ionic substituent. These
dyes are proposed for use in liquid crystal materials of positive
dielectric anisotropy only in that UK Patent Application.

In UK Patent Application Number 20821964 there are proposed
for use in liquid crystal materials symmetrical dyes of the formula:

e b et it e =

RS (8] SR -
FﬁjL\TW//J\\\r{/Ltiw Formula B
i i Q)
N ~ o
| i
RS 0 SR

wherein R recresents an ortionally sudstituted aikyl er
aryl racdical, Q represents halogen, hydroxy, amino,
alkylamino, dialkylamino, arylamino, nitro, alkyl or aryl

and y represents an integer frem O to 4.

The symmetrical dyes of formulae A and B, for examrle
1,5-bis(phenylthic)anthraquinone and 1,4,5,8-tetrzkis(phenyithio)
anthraguinone have high order parameters and adequate stzbiliity

——

but in general tneir solubility in =z number of liguid crystal

E?

teriazls is rather low for practical purposes; in particular

ct
I3

1ey generally give somewhat poor contrast when used in an elisctro-

— -

optical display.
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According to the present invention in a first aspect
a material suitable for a guest-host ligquid crystal device
comprises a solution of a liquid crystal material and a
pleochroic dye wherein the pleochroic dye comprises at least
one anthrquinone compound free from water solubilising and

ionic substituents and having the formula:

f ‘(u\rf\

l\ §-<Z) @ n Formula I

U

wherein Q is NHZ’ OH, &lkyl, aryl, NO2 or halo;
n is O to 4
each X independently is H, -SR, -NZ1ZZ or Q;
each R independently is alkyl, aryl or cycloalikyl;
Z1 & 22 are independently H, alkyl, cycloalkyl or aryl;

provided that there are at least two_groups X which are

different -SR groups.

Where one of the groups in Formula I is an alkyl
group it preferably has not more than 20 carbon ztoms,

desirably not more than ten carbon atoms.

Where one bf the groups in Formula I is an aryl or
cycloalkyl group it preferably has not more than 15 carbon atoms and
is desirably a phenyl group or cyclohexyl group respectively.
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Preferred compounds within the scope of Formula I are
those of the following formulae:

@j\r‘/\l\'@ (Q)n Formula II

(Q) Formula III

T's
O r 7 (@ Formula IV

N
1
=
o]

4
wherein R1 is aryl, Rz,_Xl to Y3 and T1 to T are
1,
each independently alkyl, aryl or cycloalkyl and each X'is
independently H or —-NZIZ2 and Q, Zl and Z2 are as

hereinbefore defined, provided that all of the radiczls

1
represented by R1 and Rz, or by Y1 to Y3 or by T to

T4 are not identical.

Where R, RZ, Zq, Z2 any one of Y1 to Y3 or any one of T1
to "_f”+ includes an alkyl group the alkyl group preferably
has not more than 20 carbon atoms.

Where R, RZ, Z1, ZZ’ any one of Y1 to Y3 or any one of T1
L
to T " includes an aryl grour the aryl group preferzbly hzs not

more than 15 carbon stoms.
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The alkyl group represented by R, Rz, Zl’ 22’ any
1

one of Y to Y3 or any one of T1 to T4, wvhich may be

branched or staight chain, is preferably a lower alkyl group and

more preferably contains from 1 to 4 carbon atoms and the

cycloalkyl group is preferably a cyclohexyl group.

group represented by R, Rl, Rz, Zl’ 22, any one of Y1
4

to Y3 or any ome of T1 to T 1is preferably a mono-~ or

The aryl

bi-carbocyclic aryl group such as phenyl or naphthyl.
The alkyl group represented by Q, which may be branched

or straight chain, preferably contains from 1 to 20 carbon atoms

and is more preferably lower alkyl. The aryl group represented

by Q is preferably monocarbocyclic aryl, such as phenyl.

The alkyl, aryl and cycloalkyl radicals represented by

v 2), Zy ¥! to ¥3, 1! to T%, and Q may

be substituted by non-ionic groups.

R, B!, R?

Phenyl groups are
preferably -substituted in the para (4-) position with respect to
the linkage to the N or § atom or to the anthraquinone nucleus
although, in the case of methylphenylthio substituents, a product
containing”a 3-methylphenylthio group is usually more soluble
than the same product containing a 4-methylphenylthio groﬁp.
Preferred substituent groups for the alkyl radicals are alkoxy,
preferably C1 to C4 alkoxy, halogeno, preferably chloro, or

aryl, preferably mono-cyclic aryl, such as phenyl.

Preferred

substituent groups for the aryl radicals, e.g. those represented

by R3, R4 and T5 to T10 below, and cycloalkyl radicals

are alkyl and alkoxy, preferably lower alkyl and lower alkoxy and
more preferably C1 to C4 alkyl and alkoxy, halogeno,

preferably chloro, cycloalkyl, preferably cyclohexyl, and aryl,
preferably monocyclic aryl, such as phenyl.

Throughout this specification the expressions "lower
alkyl" and "lower alkoxy' mean alkyl and alkoxy radicals
containing from 1 to 10 carbon atoms.

A preferred class of yellow

those in which n is 0 and two, three

to red dyes of Formula I are

or four of the groups

represented by X are -SR groups, the remainder being -NZ

122

or, more preferably H. A preferred class of red to blue dyes

L2 )

- een
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according to Formula I are those in which 2 X's are -SR groups
and 2 X's are groups represented by Q, especially OH or NHZ
groups. It is further preferred in this latter class of dyes
that n is 1 or 2 and that each Q represents an alkyl radical
containing up to 20 carbon atoms in positions adjacent toc the OH
or NH2 groups.

It is generally preferred that at least one and more
preferably all of the -SR groups are arylthic groups, and more
preferably are phenylthio groups. The difference between the
two aryl groups may occur in the aromatic nucleus but preferably
occurs in the nature and/or position of a substituent on the
aromatic nucleus. Where there are only two -SR groups they are
preferably in the 1 and 5 positioms.

The unsymmetrical di-, tri- and tetra(substituted thio)-
anthraquinones are generally more soluble in liquid crystal
materials than the equivalent symmetrical di-, tri- and tetra-
(substituted thio)anthraquinones such as are disclosed in UK
Patent Application Number 2043097A and UK Patent
Application Number 2082196A.1, this specification the term
"unsymmetrical" used in relation to poly(substituted
thio)anthraquinones indicates that there are at least two
differént substituted thio groups in the molecule whereas the
term “"symmetrical’ in the same context indicates that all the
substituted thio groups in the molecule are identical. The
present invention does however include compositions comprising a
mixture of symmetrical and unsymmetrical poly(substituted

thio)anthraquinones, as well as the pure unsymmetrical compounds

themselves and mixtures thereof. It is however preferrad that suck

compositions comprise at least 50% by weight of the unsymmetrical
poly(substituted thio)anthraquinones and more preferazbly at least
75%Z by weight of these unsymmetrical compounds. The unsymmetrical
compounds caun be obtained in a pure form, i.e. free from the
closely related symmetrical compounds by chromatographic
separation procedures, especially by preparative or high pressure
liquid chromatography. The main advantage of the pure

unsymmetrical compounds over compositions containing mixtures of

e
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these with the symmetrical compounds is the greater solubility
of the former which, as noted above, is of importance in

obtaining good contrast in a liquid crystal display.

Solubility is, however, only one o the factc;rs affecting
the achievement of good contrast in a liquid crystal display,
another factor is the extinction coefficient of the dye in
the liquid crystal material. One useful indication of the
ability of a dye to give good contrast is the product of the
molar extinction coefficient and the solubility (in moles/
litre). Solutions of dyes in ligquid crystal compositions for
use in electronic display applications should have a value

for +this product which is preferably at least 500 cm-1 and

more preferably at least 750 cm_1. As the molar extinction
coefficient for a dye does not vary significantly from one
liguid crystal material to another, the preferred value of

the product can be used to calculate the preferred minimum
solubility of a particular dye in any liquid crystal material
in order to give good contrast. Thus for a dye having a molar
extinction coefficient of 11000 cmo.moles | the solubility
should preferably be at least 4.5x10_2 moles/litre and more
preferably at least 6.8x10"2 moles/litre. In fact the yellow
dye of Example 1 has this value for the extinction coefficient
and a molecular weight of 480 so that the solubility (wt %)
for this dye should preferably be at least 2.2% and more
preferably be at least 3.3%; the actual solubility of this
dye in the liquid crystal material E43 (see Example 1) is
8.6%. For a dye having a molar extinction coefficient of
16000 cma. moles-1 the solubility should preferabiy be at
least 3.1x10-2 moles/litre and more preferably at least 4.6x10
moles/litre. In fact the red dye of Example 1 has this value

2

for the extinction coefficient and a molecular weight of €50
so that the solubility of this dye (wt %) would preferably

be at least 2% and more preferably at least 3%; the actual
solubility of this dye in the liquid crystal material E4Z is

almost 15%. For a dye having a molar extinction coefficient
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20000 cm.moles”! the solubility is preferably at least
2.5x10-2 moles/litre and more preferably at least %.8x10"
moles/litre. In fact the violet dye of Example 21 has this
value for the extinction coefficient and a molecular weight
of 590 so that the solubility should preferably be at least
1.5% and more preferably at least 2.2¥%; the actual
solubility of this dye in the liquid crystal material E43
is 4.6%.

2

Dyes prepared for use in liquid crystal displays should
preferably be as pure as poséible in terms of their freedom
from iﬁorganic and other ioniszble materials which can inter-
fere with the operation of the display or products which are
radiation sensitive and decompose within the display during
operation. The dyes should also preferably be free from non-
or inferior pleochroic materials, such as starting materials,
intermediates and by-products, which do not contribute to
the perceived contrast of the display. To obtain the dyes
in a pure form, ie substantially free from interfering or
deleterious matter, it is generally desirable to submit them
to repeated recrystalliisatiors from organics solvents, such as

chloroform, and/or chromatographic separation procedures.

The compounds of the Formula I have very high stability
in liquid crystal materials andé high order parameters,; generally
greater than 0.7. The di(substituted thioc)anthraguinones
are of particular value because stable yellow dyes with high
order parameters and good solubility have not heretofor been

obtained.

Where the material according to the first aspect is for
use as in an electro-optical display the addition of the dye
to the liquid crystal material raises the viscosity of the
latter and thus tends to increase the response time of the
display. If is therefore desirable to use as little dye as
possible (but sufficient to give an adequate electro-optical

contrast). In this respect the dyves of Formula I are of



LR XY

e

0155345
10

particular value because many of them have very high extinction
coefficients and thus only small quantities, generally less
than 7%, are required in the liquid crystal material.

It has been found that the dyes of Formula I show
adequate order parameter and solubility in a variety of liquid
crystal materials, including materials of both positive and

negative dielectric anisotropy.
Particular suitable liquid crystal host materials include:

a. mixtures incorporating cyanbiphenyls preferably together
with a few per cent of one or more compounds having a clearing
point (liquid crystal to isotropic liquid transition) above
150°¢C (eg a cyano-p-terphenyl) such as the materials E7 and
E43 marketed by BDH Chemicals Ltd, of Broom Road, Poole,
Dorset, England; (Compositions given below).

b, mixtures incorporating cyanophenyl cycloﬂéxane compounds
preferably together also with a few per cent éf one or more
high clearing point compounds such as a cyznobiphenyl compound,
eg the material ZLI 1132;

C. mixtures incorporating at least one cyanobiphenyl and
at least one cyanophenylpyrimidine compound, preferably'
together also with a few per cent of a high clearing point
compound, eg a cyanophenylpyrimidinephernyl compound, eg the
material ROTN 30;

d. mixtures incorporating esters, eg containing bicyclo
(2,2,2) octane and benzene rings (which may contain fluorine
substituents).

It has been cound that particularly suitable host liguid
crystal materials are those which contain a mixture including
roughly equal proportions by weight of L-n-alkyl- or alkoxy-4-
cyanobiphenyls andr1—(4'-cyanophenyl)-h-n-alkylcyclohexanes
together forming between about 60 and 80% by weight of the
mixture together with one or more materials of high clearing
point (nematic-to-isotropic liquid transition temperature

greater than 100°C).

I3

e

LY

sesn
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Any other liquid crystal material incorporating one or
more compounds selected from the following known families may

in fact be used in the host material:

PR, 57 Re(@c U DY,
ii R o Ro@<H=N=D)rY,
i Ro<B-@Y L RDED) N et

iv Ro—@—@_@}_x Xvii R "@—-@-—LOO —'X""Y[
:i gﬁg}{EFY‘ xvitt  RO<eYH{o Coo0—X-Y,
. @_@@—Y{ ’ . . -v ’
vii R-@-C0.0—X-—Y‘ XX R"@"Cooﬁ '
viii R—@_}—COO— =Y, - XX R-@-—-CHLO“@’YI
ix —_——
Ro—gy-cgo—x-YX, . RALSH, oL~
—2 xXi 7 b
R~ N"'M—'(E’-_\/"Y‘ B @ c o6 E
%i 1@_@_1\%"\_@_ »X R 2
NEN 1 Xx\ii O
R<coc= <ey-Y, R—(;)—@-Y,
xiii - s ;
_ Ro-Gre=ec<g~y,  xxiv  pLcHy-ci, oY,
where (@-is a trans, 1,4 substituted cyclohexane ring,
-{55¥—is a 1,4 substituted bicyclo (2.2.2) octane ring,
}{,1 is a 1,4 phenylene group=<0Cr, or a h,k' biphenylyl
groun~{EXg)-or a 2,6 napkthyl group LXE sand ¥ is
1 1 1
CN, or R, or OR or CO. O-X1-Y where ¥1 is CN, or R1 or

(ol

xi

OR ; the definition of R being the same as that of R.

Preferasbly, the dye/liguid crystzl solutior contains at
least 0.5% by weight of the dye and preferably between about 0.75%
and 10% by weight of the dye, desirably between 1 and 5 per cent.
The exact amount of dye is not critical within the preferred

range although the concentration is preferably not too low, in

order to give a display whose contrast is enhanced as much as
possible, and not too high in order to give a display whose
electro-optical response is not sliow.

Solutions of dye and liquid crystael mazterial may be made in
a conventional way simply by mixing the cye and the liguid cryszal
material together and then heating the mixture at about 80°C wizh
stirring for about 10 minutes and then allowing the mixture io

cool.
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Pleochroic dyes of Formula I above may be mixed together

with other dyes (which may or may not also be of Formula I)to

extend their spectral absorption properties, when dissolved in
liquid crystal material. For example where a dye of Formula I
is yellow and/or orange it may be mixed with a blue dye and a
red dye. The relative proportions of the dyes mixed together
are determined by the desired spectral response. This is an

absorption curve extending across the spectrum to give a grey
colouration. The dye mixture is then used with liquid crystel

material as above or as follows.

According to the present invention in a second aspect a
liquid erystal electro—-optical display inclundes two electrically
insmlating substrates a2t least one of which is optically
transparent, electrodes on the inner surfaces of the substrates
and a film of dielectric material contained between the
electrodes and the substrates, wherein the dielectric material

is material according to the first aspect of the invention as

defined above.

The liquid crystal/dye solution which is the meterial
according to the first aspect of the invention mzy be used in
any known electiro-toticel display as defired in the second

aspect. Exsmples,which will be familiar fo those ski

| -t
'._l
®
2
'_I
3

the liquid crystal art, are the krown devices creraiing by the

following effects:
a. THE TWISTED NEMATIC EFFECT

In this case a film of nemztic liquid crystal materizl of
positive dielectric anisotropy has an off state in which (the
long axes of) its molecules lie in the plane of the device
substrate inmer surfaces (which are normally parallel to one
another), or at a small angle thereto, and undergo roughly =z
7‘/2 helical twist in orientztion from one substrate to the othrer
by virtue of the orientations at the surfaces caused by
treatment, eg unidireciional rubbing, of those surfaces prior
to assembly. This is the twisted "homogenous texture"
Applicaiion of an electric field between the electrodes on tkre

respective substrate inner surfaces to give the on staie causes
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re-arrangement of the liquid crystal molecules to lie (with
their long axes) effectively perpendicular to the substrate
inner surfaces in the "homeotropic texture". A change in
optical activity (rotary power) of the film occurs between the
on and off states by virtue of the molecular re-arrangement and
the optical effect observed can be enhanced by the use

of a linear polariser adjacent to one of the substrates and

pleochroic dye dissolved in the liquid crystal material. The
polariser has its polarisation axis parallel to the direction
of the liquid crystal molecules at the adjacent substreate
inner surface (or, more strictly, parallel to the average
axis of projection of the molecules on that surface). By the
guest-host effect the dye causes the off state to appear
relatively dark or strongly.colour whereas the on state

appears clear or weakly coloured.
b. THE FRéEDERICKSZ EFFECT IN NEGATIVE NEMATICS

In this case a film of nematic ligquid crystal material
of negative dielectric anisotropy has an off state in which
its molecules lie perpendicular (ie in the homeotropic
texture) to the substrate immer surfaces (which are parallel)
by virtue of surface treaiments to these inner surfaces prior

to assembly. A single polariser is placed adjacent to one
b4 J

field between the electrodes on the resvpective substrate inner
surfaces to give the on state causes re-arrangement of the
liquid crystal molecules to lie parallel to the substrate
inner surfaces (ie in the homogeneous texture). Incorrorztior

of pleochroic dye in the ligquid crystal material ensures th

AR

+
-

the off state arrears relatively cl

1]
b
b

ar wezxly coloured
whereas the on state arpesrs dark or strozgly coloured. The

effect observed is enhanced by the presence of the polariser.
”~
c. THE FREEDERICKSZ EFFECT IN POSITIVE NEMATICS

In this case a nematic liquid crystal material of positive
dielectric anisotropy has an off state in which the molecules

lie roughly parallel and in the plane of the substrate ianer
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surfaces (which are parallel) by virtue of treatment of those
surfaces prior to assembly (ie the homogeneous texture). A single
polariser is placed adjacent to one substrate with its

transmission axis parallel to the substrate inner surfaces.,

Application of an electric field between the electrodes on
the respective substrate inner surfaces to give the on state
causes re-arrangement of the liquid crystal molecules to lie
perpendicular to the substrate inner surfaces, ie the homeotronic
texture. Incorporation of pleochroic dye in the liquid crystal
material ensures that the off state appears relatively dark or
strongly coloured whereas the on state appears colourless or
weakly coloured as in the twisted nematic effect above. The

effect observed is enhanced by the presence of the polariser.
d. THE PHASE CHANGE EFFECT (NEGATIVE CONTRAST TYPE)

In this case a cholesteric liquid crystal materizl of
positive dielectric anisotropy and long modecular helicel
pitch, typically 2pm, has an off state in which its molecules
lie in random helices, ie the "focal conic texture’.
Application of an eleciric field between the electrodes on the
respective substrate inmer surfaces to give the on sizie
causes re-azrrangement of the liguid crystzl molecules to lie
Perpendicular to the substrate inner surfaces (ie the
homeotropic texture as for positive nemetics in the Freedericksz
effect). Incorporation of pleochroic dye in the ligquid crys=zl
material gives an off state which azppears relatively dark or

strongly coloured and an on state which appears celourless or

weakly coloured.
€. THE PHASE CHANGE EFFECT (POSITIVE CONTRAST TYPE)

In this case a cholesteric liguid crystal materizl of

negative dielectric anisotropy and long molecular helicel friich
has on off state in which its molecules lie perperdicular 1o

the substrate inner surfaces, ie in the homeoiropic texiure.

Application of an electric field between electrodes or the

the molecules to lie in the plane of the subsirzte irner

surfaces in a helical arrangement ie the twisted homocgereous



. -
¢r

15 0155345
texture. Incorporation of pleochroic dye in the liquid crystal

material gives an off state which is relatively colourless or
weakly coloured and an on state which is relatively dark or

strongly coloured.

f. THE FREEDERICKSZ EFFECT IN SMECTICS

In this case a smectic A liquid crystal material of
positive dielectric anisotropy having a dielectric relaxation
frequency fc less than about 10 kHz (ie the material has &
negative dielectric anisotropy above this frequency) has an
off state in which its molecules iie roughly parsllel to the
substrate inner surfaces with the molecules at the two inner
surfaces parallel as in the Freedericksz effect (c).
Application of an electric field with a frequency less than
fc to give the on state causes re-orientation of the liguid
crystal molecules to lie perpendicular to the substrate inner
surfaces, is in the homeotropic texture. The on state is
preserved when the field is removed. Clezring of the on state
may be achieved by the applicatiorn of a high freguency
electric field, ie with a freguency > fc. A single polariser
is used, as with the Freedericksz effect (c) zbove, wher the
molecular alignment zt the two substrate inner surfzce: ir the
off state is paralilel. Incorporztion of pleochroic dye in
the liguid crystel materiz} gives an off state which is
relatively dark or sirongly colcured and an on state which is

clear or wezkly coloured.

Use of the material defined in the first aspect of the
invention above is not limited to electro-optical displays
{as defined in the second aspect). The material may, in fact,
be used in any known application of a dyed liquid crystal
material. BAn example of such a 'non electro-optical' appli-
cation is a thermally addressed display in which a symbol or
character is provided in a smectic or cholesteric material
by selective heating of the material eg by a laser (eqg He/Ne)
beam, to produce a localised change in the molecular texture
of the material. The dye enhances the contrast between the
different regions of the display, ie between those which are

selectively heated and those which are not heated.
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Reverting to the dyes of Formula I used in the materisl

according to the first aspect, a preferred class of yellow dyes,
containing two different -SR groups, has the general formula:

16

Formula V

R°S 0

2
wherein R dis an aryl radical and R 1is any of the groups

1

represented by R above provided that R™ and R2 are not

identical.

Radicals which may be represented by R2 include alkyl,
aryl and cycloalkyl radicals which may carry one or more
non-ionic subsiituents such as those mentioned above. When R2
is an aryl radical, it must be different from the aryl radical
represented by Rl. This difference may occur in the aromatic
nucleus or in the nature and/or position of a substituent '

thereon. Usefrl compounds of this type include those of the
formula:

wherein R represents hydrogen or a non-ionic substituent,

o 3
R" represents a non-ionic substituent and R~ differs from

4 .
R° in constitution and/or in its position on the phenyl
radical.

L5

L4

*
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Particular mention may be made of compounds of the

formula:

Formula VII

wherein R; and Ré have the meanings given above and R3
differs in constitution from Ré. Especially useful compounds
of this type include those in which R3 is hydrogen and g* is
a lower alkyl radical, especially t-butyl.

Dyes of Formula V may be prepared by reacting omne
equivalent of the thiol RISH and one equivalent of the thiol
RZSH with one equivalent of a 1l,5-dihalogenocanthraquinone. The
reaction is conveniently carried out in a solvent, for example
dimethylformamide, and in the presence of an acid-binding agent,
for example potassium carbonate.

The product of this reaction is a statistical mixture

containing the compound of Formula V as major component

e



together with the symmetrical compounds of the formulae:

0 R’
Formula VIII
/
R'S 0
and
0 SR2
Formula IX
T R 0

Compounds of Formula V may be prepared in a purer form
by reacting a 1-halogeno-5-nitroanthraquinone with ome -
equivalent of the first thio (RISH) under mild conditions and

then reacting the product with one egquivzlent of the second thiol
(RZSH) at a higher temperature.

As noted above, known symmeirical dyes of Formula A such
as 1,5-bis(phenylthio)anthraguinone, have rather low solubility
in liquid crystal materials. Mixtures of two or more compounds

of Formula A also have low solubilities in liquid crystal materials.

It is surprising that the unsymmetrical dyes of Formuls V
have significantly higher solubilities in liquid crystal materizls
than the symmetrical dyes of Formula A. The pure unsymmetrical
dyes have higher solubilities than those products mentioned atove

which contain the symmetrical compounds &€ Formulae IX and VIII

as impurities. However, these mixtures of unsymmetrical and symmetriczl

dyes have sufficiently higher solubilities than the pure symmetrical

dyes to give them commercial utility.

A preferred class of red dyes, containing four -SR
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groups, not more than three of which are identical, has the

general formula:

T's o sT°

Formula XI

s 0 ST7

1 2 3 4
wherein each of T, T , T and T may be any of the
groups represented by R above, provided not more than three are

identical.

Particularly useful compounds of Formula XI are those in
whicﬂ-each of Tl, Tz, T3 and T4 is an aryl radical of
whicﬂ not more than three are identical. Differences between
these radicals may occur in the aromatic nucleus or in the nature
and/or position of the substituents thereom. Useful

compounds of this type include those of the formula:

© ;e

Formula XII

AT T T A
N N7

wherein each of Ts, T6, T7 and T8 independently

represents hydrogen or a non-ionic substituent, as hereinbefore

described, at least one of TS, T6, T7 and T8 being

different from the other in either constitution or positionm.
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‘Particular mention may be made of compounds of the
formula:

-9 o' G—
O~
2 Formula
11z
o
2
-5 0 -

wherein T9 represents hydrogen or a non—-ionic substituent and
Tlo represents a non-ionic substituent, T9 and Tlo not

being identical. Especially useful compounds of this type
include those in which Tg is hydrogen and Tlo is a lower

alkyl radical, especially t-butyl.

Dyes of Formula XI may be prepared by react{hg a
1,4,5,8~tetrahalogenocanthraquinone with one equivalent of each of

the thiols: T 'SH, T2SH, T SH, T“SH, not more than three

of Tl, Tz, T3 and T4 being identical. The reaction is
conveniently carried out in a solvent, for example
dimethylformamide, and in the presence of an acid-binding agent,
‘for example potassium carbonate.

Thus, compounds of Formula XIII may be prepared by

reacting the tetrahalogenocanthraquinone with two equivalents
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of a thiol of formula:

SH

and two equivalents of a thiol of formula:

The product of these reactions is a statistical mixture
in which compounds of Formula XI predominate together with
4
lesser amounts of compounds in which Tl, Tz, T3 and T

are identical.

As noted above, the symmetrical dyes of Formula B have
solubilities in ligquid crystal materizls which are generally
Jower than is desirzble for practical purposes.

It is surprising that the unsymmetrical dyes of
Formula XI have significantly higher solubilities in liquid
crystal materials than the symzeirical dyes of Formula XIV,.

The preferred group of orange dyes of Formula III may
be prepared by reacting iwo different substiiuted thiols with 2
trichloroanthragquinone, in the presence of an acid binding agent,
to give a composition containing meinly the unsymmetrical
compounds together with a smaller proportion of the symmetrical
compounds. Alternatively one thiol may be reacted with a
nitrodichloroanthraguinone under mild conditions to give a
dichloroanthraguinone and the second thiol reacted with the
dichloroanthraguinone intermediate to give a single unsymoetricel
tri(substituted thio)anthrazuinone with only minor guantities of
the symmetrical products.

The -1242Z, groups and the groups represented by Q are
preferably introduced prior to the —-SR groups by known methods
for introducing such groups,; e.ge. by reacting an aszino compound

H:Z125 with the appropriate chloranthraguinone.
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Examples of other suitable compounds of Formula I are:
1-phenylthio~5-(naphth~2-ylthio)ant hraquinone,
1-phenylthio-5—(dodecylthio )anthraguinone,
1-pheny1thi 0-5-(4-nonylphenylthio Janthraquinone,
1-(phenylthio)-4,5,8~tri(cyclohexylthio Janthraguinone,

1-(phenylthio )-4,5,8-tri(4-phenylphenylthio )anthraguinone,
1-(phenylthio )~4,5,8~tri(4-t-butylphenylthio )anthrajuinone,
1-phenylthio—4—anilino~5~(4-methylphenylthio )anthraguinone,
1-pheynlthio—4,8-di(butylamino )=5~butylihio—anthragquinone,
and l-phenylthio-5-cyclopentylthio—anthraguinone.

Examples of the preparation and properties of dyes of
Formula I will now be given. In these Examples all parts and
percentages guoted ére by weight, unless otherwise indicated,
and the letters 'AQ' are used to represent anthraguinone and

'MP! are used to represent melting point of the product.

Example 1

1,4,5,8-tetrachloroanthraguinone (12g) was added to a
stirred mixture of dimethylformamide (100 ml), potassium
carbonate (12g), thiophenol (10.%4 ml) and 4-t-butylphenylthiol
(14.8 ml). The reaction mixture was heated to 130-140°C and
maintained at that temperature for 5 hours. After fooling over-
night, the reaction product was filtered and the filter cake was
washed several times with a 50:50 mixture of ethanol and 2N
sodium hydroxide solution. The washed product was then washed
with very dilute acetic acid, washed acid free with water,
dried at 50°C in vacuo, dissolved in the minimum amount of
boiling toluene, filtered, reprecipitated by the addition of
methanol, filtered off, washed with methznol and dried at 50°C.

The product contained the following substituted AQs.

Table 1

Component Wt.%
tetrakis-(phenylthio)AQ 1%
tris-(phenylthio)-t-butylphenylthio-AQ 19%
bis-(phenylthio)-bis-(t-butylphenylthio)AQ 65%
tris-(t-butylphenylthio)-phenylthio-AQ 11%

tetrakis-(t~butylphenylthio)AQ Lg
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The solubility of the product was measured in liquid
crystal material E43 marketed by BDH Chemicals Limited of Broom

Road, Poole, Dorset, England. E&43 contains the compounds:

NC—@-—/:O_\@ C5H1 1T

The solubility of the product in E43 at 20°C is 14,7%.
For comparison, the solubilities of pure 1,4,5,8-tetrakis-
(phenylthio)anthraquinone and pure 1,4,5,8-tetrakis-
(4-t-butylphenylthio)anthraquinone in the same material are,
respectively, <1Z to 1.8%.

Example 2

The procedure of Example 1 was repeated except that the
4~t-butylphenylthiol was réplaced by the equivalent quantity
of p-methylphenylthiol.
Example 3

Thiophenol (2.97g), p-phenyvliphenylthiol (4.38g) and
potassiun carbonzte (3.73g) were stirred in 23 ml
dimethylformamide (DMF) at 120°C for 1 hour and cooled to ambient
temperature. 1,4,5,8-Tetrachloroanthraquinone (3.46g) was added,
the mixture held at 120°C for 4 hours and then cooled to ambient.
After the addition of 20 ml ethanol the mixture was worked up by
the following procedure. After filtration and washing with a
50:50 mixture of 2N NaOH and ethanol the crude product was
slurried in 30 ml of the same sclvent mixture, stirred for 30
minutes, filtered, washed successively with the caustic

soda/ethanol solvent and water and dried at 80°C.

-
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The work-up product was boiled in 30 ml chloroform,
filtered cold and the filtrate added dropwise to 250 ml petroleum
ether (100-120). After stirring for 1 hour the precipitate was
filtered, washed with 40-60 petroleum ether and dried at 80°C.
The product contained about 90% unsymmetrical tetra-{substituted
thio)anthraquinones, carrying both phenylthio and phenylphenylthio
groups, the remainder being symmetrical tetra(substituted

thio)anthraquinones, carrying either phenylthio or
phenylphenylthio groups.

Example 4

1.98G thiophenol, 2.07g of cyclohexylthiol and 2,02g of
KOH in 30 ml ethanol were stirred at reflux for 1 hour and
cooled to ambient temperature. 1,4,5,8,~Tetrachloro-AQ (2.31g)
was added and the mixture stirred at reflux temperature for 16
hours before cooling to room temperature and working up according
to the work-up procedure .of Example 3., The crude solid was
dissolved in 100 ml hot chloroform, screened and drowned into 300
ml methanol over a 5 minute period. The drownout mass was stirred
for 30 minutes and the solid filtered, washed with methanol and
dried at 80°C (yield 2.8g). The main constituents of the product
are unsynmetrical tetra(substituted thio)AQs, carrying both
cyclohexylthio and phenylthio groups.
Example 5

1,5-Dichloroanthraquinone (12g) was added to & stirred
mixture of dimethylformamide (100 ml), potassium carbonate
(8.0 g), thiophenol (thiol 1: 7.0 ml) and &4-t~butylphenylthiol
(thiol 2: 8.0 ml). The reaction mixture was heated to 130-140°C
and maintained at that temperature for 5 hours. After cooling
overnight, the reaction product was filtered and the filter cake
was washed several times with a 50:50 mixture of ethanol and 2N
sodium hydroxide sclution. The washed product was then washed
with very dilute acetic acid, washed acid-free with water, dried
at 50°C in vacuo, dissolved in the minimum amount of boiling
toluene, filtered, re-precipitated by the addition of methanel,
filtered off, washed with methanol and dried at 50°C.

The product contained 55% of 1-(4-t-butylphenylthio)-
S5-phenylthioanthraquinone, the remainder being the two

symmetrical 1,5-disubstituted anthraquinones.
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The following four analogous products were prepared by

the method of Example 5 using the eguivalent gquantities of

the appropriately substituted thiols in place of the thiophenol

and the 4-t-butylphenylthiol used in Example 5.

Example 6

Thiol 1:  thiophenol

Thicl 2:  3-methylphenylthiol

Mzin component of the product:
1-phenylthio-5(3-methylphenylthio)AQ

("% in comp" denotes the percentage by weight
of the main component of the product in the
product composition. This abbreviation is used
also in the following Examples.)

% in compn: L48%
Example 7

Thiol 1:  3-methylphenylthiol

Thiol 2: L4-t-butylphenylthiol

Main component of product:
1(3-methylphenylthio)-5(k-t-butylphenylthio)AQ

% in compn: 64% i

Exarnle 8

Thiol 1: 3-methylphenylthiol
Thiol 2: L-methylphenylthiol
Mzin component of product:

1(3-methylphenylthio)~-5(4-methylphenylthio)AQ

Example 9

Thiol 1: thiophenol
Thiol 2:  L-methylphenylthiol
Main component of product:

1-phenylthio-5(k-methylphenylthio)AQ
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Example 10

A mixture of 73.7g 4~t-butylphenylthiol (thiol 2) 25g
potassium hydroxide, and 640 ml ethanol was heated at reflux
temperature for 1 hour and cooled to room temperature. To this
mixture was added 86.5g l-phenylthio-5-chloroanthraquinone, over
a period of Slminutes, the mixture heated to rqflux and held
there for 16 hours. At the end of the reaction period the
mixture was cooled to room temperature, the solid product
filtered off and washed with 200 ml 50% 2N NaOH/ethanol. The
crude product was reslurried into a further 200 ml of the same
mixed solvent, stirred for 30 minutes, refiltered, washed
successively with 100 ml 50% 2N NaOH/ethanol and 100 ml water and
dried at 80°C.

The product was extracted with 2 litres 15:1 mixture of
100-120 petroleum ether and chloroform at reflux for 48 hours
following which the chloroform was distilled off. The slurry in
petroleum ether was cooled and filtered after 24 hours at room
temperature, washed with 100 ml 40-60 petroleum ether and dried
at 80°C. '

After repeated recrystallisation from methanol the
product, containing about 88%7 l-phenylthio-5-(4~t-butylphenyl-
thio)anthraquinone, had a m;lting point of 241°C.

The l-phenylthio-5~chlorocanthraquinone used above was
prepared by adding 72.5g l-nitro-5-chloroanthraquinone and 500 ml
ethanol to a mixture of 78g of thiophenol (thiol 1), 32g

potassium carbonate and 125 ml dimethylformamide (previously

refluxed at 120°C for 2 hours and cooled to room temperature) and
heating to 40°C for 16 hours. After cooling and standing for 438
hours the solid product was filtered, washed with 1 litre 40%
aqueous ethanol, reslurried in 500 ml of the same solvent,
stirred for 30 minutes, filtered and washed successively with 200
ml 40% aqueous ethanol and 1 litre water. The product was
reslurried in 500 ml water for 30 minutes, filtered, washed with

water and finally with 100 ml ethanol and dried at 80°C.



0155345

Table 2 compares the solubilities of the dyes of
Examples 5 and 10, with those of the equivalent symmetrical dyes,

in the liquid crystal material E43, described above in Example 1,
at 20°C.

Table 2

No. Dye Solubility (wt.%)
1 1,5-bis(phenylthioc)anthraquinone 1.7

2 1,5-bis(4~t~butylphenylthio)anthraquinone 2.0

3 Physical 50/50 mixture of 1 and 2 above <2.0

4 l-phenylthio-5~(4-t~butylphenylthio) 7.8

anthraquinone (product of Example 10)
5 Chemical mixture of 1, 2 and 4 above 3.2
(product of Example 5)

It is clear from the solubility data listed in Table 2
that the unsymmetrical product, either alone or in admixture with
the symmetrical equivalents, has a considerably higher solubility
in the liquid crystal medium than either of the symmetrical

products or their mixture. This higher solubility is not only

completely unexpected but of considerable commercial significance
in view of the demand for practical liquid erystal displays which

are based on the guest-host effect.

The following five analogous compositions were rrepared

t

in a similar way to the process of Example 10 using the egquivsalen
quantities of the appropriately substituted thiols in place of
the thiols used in Example 10.

Example 11
Thiol 1: thiophenol

Thiol 2: 3-methylphenylthiol
Main product: 1-phenylthio-5(3-methylphenylthio)AQ

% in compn.: 81Z
M.P.: 227°C
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Example 12
Thiol 1: thiophenol

Thiol 2: 4-methylphenylthiol
Main product: l-phenylthio-5(4-methylphenylthio)AQ

%Z in compn.: 83%
M.P.: 269°C

Example 13
Thiol 1: thiophenol

Thiol 2: n-butylthiol
Main product: l-phenylthio-5(n-butylthio)AQ

%2 of compn.: 987
M.P.: 1l63°C

Example 14
Thiol 1: thiophenol

Thiol 2: 4-phénylphenylthiol
Main product: l-phenylthio-5(4-phenylphenylthioc)AQ
%Z in compn.: 91%

Example 15
Thiol 1l: Thiophenol

Thiol 2: cyclohexylthiol
Main product: l;phenylthio—S-cyclohexylthio—AQ

Example 16

A solution of 1.98g of thiophenol, 2.99g of k-t-butyl-
phenylthiol and 2.48g of potassium carbonate in 20 ml of

dimethylformamide was heated to 115°C and stirred at this temperature

for 1 hour. To the solution was added 3.28g of
1,5-dinitro-4,8-diamino-AQ and the mixture stirred for 8 hours

at 115°C. It was then cooled to room temperature, filtered,
washed successively with DMF, water and ethanol and dried to give

1.7g of crude product.
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The crude product was purified by screening in hot
chloroform and, after cooling, passage through a silica-packed
chromatography column. The column was eluted with chloroform and
the main blue band was collected and evaporated to dryness. The
dry material was slurry washed with 20 ml methanol, filtered,
washed with methanol and dried at 80°C to give 0.2g of purified
composition containing 63% l-phenylthio-5(4-t-butylphenylthio)-
4 ,8-diamino-AQ.

The 1,5-dintro-4,8~diamino-AQ was prepared from
1,5~diamino-AQ-bis-N,N~dimethylformidinium chloride by the method
of Example 2 of UK Patent Specification No 1041528 and the
1,5-diamino-AQ-bis~N,N-dimethylformidinium chloride was made from
1,5~-diamino-AQ by the method of Example 2 of German Patent
Specification No 1132931.

Example 17

Thiophenol(1.98g), 3-methylphenylthiol(2.33g) and
potassium carbonate(2.02g) were stirred at 115°C in 15 ml DMF
for 1 hour and cooled to room temperature. To this mixture were
added 4.24g of 1,5-dibromo-4,8-di(methylamino)AQ over 5 minutes
and the mixture reheated to 120°C and stirred at this tewmperature
for 16 hours. After cooling to ambient temperature and the
addition of 25 ml ethanol the crude material was worked up as in
Example 3 to yield 4.35g. The worked up material was dissolved
in chloroform and passed through a silica—-packed chromatography
column eluting with chloroform and collecting the main red band.
After evaporation of the chloroform, washing with methanol and
drying at 80°C the yield of purified material was 4.09g
containing 48.9% of l-phenylthio-5(4-t-butyl phenylthio)-4%,8-
di(methylamino)AQ, the remainder being the two symmetrical
di(substituted thio)AQs.

Example 18

A mixture of 1.24g of thiophenol, 1.87g of
4-t-butylphenylthiol and 1.56g of potassium carbonate in 10 ml
DMF were stirred at 120°C for 1 hour and cooled to ambient
temperature. To the coocled mixture were added . 1.73g of
I-nitro-5,8-dicloro-4-anilino-AQ and the mixture stirred at 120°C
for 5 hours. After cooling to ambient temperature and adding
27 ml ethanoland 40 ml water the solid was filtered, washed with

water and ethanol and dried to yield 3.55g of crude material,
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The crude material was cissolved in chloroform and
passed through a silica-packed chromatography column, eluting
with chloroform and collecting the main orange band. After
evaporating the solvent, 30 ml methanol were added and the solid
material filtered, washed with methanol and dried at 50°C (yield
2.95g). The purified material contained 65% unsymmetrical
tri(substituted thio)AQs, the remainder being mainly the two
symmetrical tri(substituted thio)AQs.

The l-nitro-4-anilino-5,8-dichloro-AQ was prepared
according to éhe following method:

A mixture of 7.83g of aniline and 10g of 1,4,5-trichloro-8-nitro
anthraquinone in 75 ml 2-ethoxyethanol was heated at 120°C for

18 hours. The product was filtered, washed with ethanol, slurried
in 50 ml ethanol and refiltered. It was then stirred into 50 ml
2N HC1l, filtered, washed acid free with water and dried at 80°C.
The final stage of ‘purification consited of stirring the dry
material in 50 ml chloroform for 20 minutes, filtering, washing
with chloroform and drying at 80°C to yield 5.9g of product (m.p.
216-7°C) having a purity of 90.5% (determined by HPLC).

Example 19

A mixture of 1.48g thiophenol, 2.24g 4-t-butylphenyl-
thiol and 1.5g KOH were refluxed in 15 ml ethanol for 1 hour
and cooled to ambient temperature. To the cooled mixture were
added 1.5g of 1,4,5-trichloro-AQ and the mixture refluxed for 16
hours. After cooling to ambient temperature the mixture was
worked up as described in Example 3, The 2.3g of worked up
material contained 627 unsymmetrical tri(substituted thio)AQs,
i.e. di(phenylthio)-(4-t-butylphenylthio)AQ and phenylthio-
di(4-t-butylphenylthio)AQ, the remainder being mainly the two
symmetrical tri(substituted thio)AQs.

Example 20

A mixture of 0.127g of thiophenol and 0,065g KOH in
15 ml ethanol was refluxed for 1 hour and cooled to ambient
temperature. To the cooled mixture was added 0.66g of
1,5-di(4-t-butylphenylthio)-4~chloro-AQ and the mixture refluxed
for 16 hours before cooling to ambient temperature. After working
up as described in Example 3 the yield of dry material was 0.6g.
This material contained 78% of 1,5-~di(4-~t-butylphenylthio)-
4-phenylthio-AQ.

USRS PSR P
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The 1,5~di(4~t-butylphenylthio)=4=chloro~AQ was prepared
as follows:
A mixture of 2.98g of 4~t-butylphenylthiol and 0.51g KOH in 10 ml
ethanol was refluxed for 1 hour and cooled to ambient
temperature. To this was added 1.56g of 1,4,5-trichlor-AQ and the
mixture stirred at 40°C for 16 hours before cooling to ambient
temperature. After working up the crude material as described in
Example 3 it was further purified by dissolving in 100 ml 60-80
petroleum ether, screening and passage through a silica-packed
chromatography columm, eluting with the same solvent and
collecting the middle orange band. After evaporation of the
solvent, washing with methanol and drying the yield of purified

material was 0.9g.

Example 21

A mixture of 1.1 ml (0.01 moles) of thiophenol and 5.8g
of 1,5-dihydroxy-2,6-dinonyl-4,8-dinitro~AQ (0.0l moles) imn
50 ml pyridine was stirred for 30 minutes at room temperature and
then drowned out into 100 ml water. Concentrated HC1 (75 ml) was
added and the precipitated solid was filtered, washed with water
and dried to yield 6g of crude material. A portion of this (3g)
was recrystallised "from 100-120 petroleum ether to yield 1.3g of
the intermediate 1,5-dihydroxy-2,6-dinonyl-4-nitro-8-phenylthio-

anthraquinone (structure confirmed by mass spectrometry).

A mixture of 0.65g of the above intermediate and 0.2g of
4—t-butylphenylthiol in 10 ml pyridine was stirred at 90-5°C for
16 hours and then drowned out into 50 ml of dilute HCl. The
precipitated solid was filtered, washed successively with water
and methanol and dried. It was then recrystallised from 40-60
petroleum ether to yield O.lg of product consisting mainly of
1,5-dihydroxy—-2,6-dinonyl~4 (4—t-butylphenylthio)-8-phenylthio-AQ
(structure confirmed by mass spectrometry).

The 1,5-dihydroxy-2,6-dinonyl-4,8-dinitro-AQ was made
according to the method described in UK Patent Specification MNo.
2038809A by reacting 1,5-dihydroxy-AQ with nonanal and nitrating

the di-nonyl derivative.
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Example 22

A mixture of 6.6g of 1,8-dihydroxy-2,7-didodecyl-4,5-di-
nitro-AQ, l.lg of thiophenol and 100 ml pyridine were stirred
mixed at ambient temperature for 2 hours and then drowned out
into 200 ml water. The precipitated solid was filtered, washed
successively with water and methanol and dried to yield 4.5g of
crude material. After recrystallisation from 100-120 petroleum
ether the product was 1,8-dihydroxy-2,7-didodecyl-4-phenylthio-
S-nitro-AQ (4.15g: structure confirmed by mass spectrometry).

A portion of this intermediate (3.7g) was added to a
solution of 0.83g of 4-t-butylphenylthiol and 0.3g KOH in 50 ml
iso-propanol at 65°C. After heating the mixture at the reflux
(83°C) for 3 hours it was cooled -to ambient temperature,
filtered, washed successively with isopropanol and methanol,
dried and recrystallised from 100-120 petroleum ether. The
product (2.75g) was essentially 1,8-dihydroxy-2,7-didodecyl-
4-phenylthio=5-(4-t-butylphenylthio)AQ.

The 1,8—dihydroxy-2,7-didoéecy1-4,S-dinitro—AQ was made
according to the method described'i; UK Patent Specification No.
2038809A by reacting 1,8-dihydroxy-AQ with dodecanal and -
nitrating the di-dodecyl derivative.

Example 23
A sample of the product prepared according to the

process described in Example 1 was passed through a high

pressure liquid chromatography column packed with Partisil 5u
(250x4,6mm) using 99:1 hexane:acetonitrile as eluent at a flow
rate of 2 ml/min and ambient temperature (20°C). Detection was by
means of a u.v. source (254 nm) and samples, corresponding to all
the peaks in the chromatogram, were collected. The fractious
collected are identified in Table 3.

Table 3
Fraction Structure Solubility Order ot
(%) Parameter max
(nm)
1 Tetrakis-X-A0 1.8 0.78 550
2 Tri-X-mono-Y-AO 10.7 0.78 550
3 Di-X-di~-¥Y~AQ {0.5 - 550
3a Di~-X~-di-Y-AQ 1.0 0.78 550
Di-X-di-Y-AQ 2.9 0.77 550
Mono-X-tri-Y-AQ 1.0 0.78 550

6 Tetrakis-Y-AQ {£1.0 0.8 550
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In Table 3, Y represents 4~t-butylphenylthio- and X
represents phenylthio-.
Fractions 3 and 3a had the same retention time and were

separated by their different solubilities in the eluent.

The following composition was prepared
in a similar way to the process of Example 10 using the equivalent
quantities of the appropriately substituted thiols in place of
the thiols used in Example 10.

Example 24

Thiol 1: thiophenol
Thiol 2: 4-methoxyphenylthiol

Main Product: 1-phenylthio-5-(4-methoxyphenylthio}aQ

Example 25

The procedure of Example 4 was repeated except for the
replacement of the cyclohexylthiol by the equivalent weight
of 4-methoxyphenylthiol.The main constituents of the products are
unsymmetrical tetra(substituted thio)AQs carrying phenylthio and
4methoxyphenylthio groups in the 1,4,5 and 8 positions.

The products obtained in Examples 1 to 25 will be
referred to as Products 1 to 25 respectively. Table 4 as
follows shows the properties of Products 1 to 25 when dissolved

in the liquid crystal material E43 referred to above.

In Table 4 and elsewhere in this specification the
symbols S and %'max represent respectively order parameter and
wavelength (s) (measured in nm} of maximum absorption both

measured at ZOOC.
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10
11
12
13
14
15
2k
16
17
18
19
20
21
22

folubility
3
14.7
1.0
3.0
4.7

3.2
3.3
2.4
2.5
2.9
8.6
2.4
1.8
3.1
4.0
9.2

34

(nm)
550
550
550
550

454
464
464
464
464
464
464
464
470
460
465

603
648
615
520
520
580
578

r . ’
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S5
(Order
Parameter)

0.80
0.80
t.77
0.75

0.80
0.78
0.78
0.80
0.78
0.79
0.78
0.80
0.75
0.78
0.81

0.73
0.72
.71
.77
0.81
0.79
0.83

¢

L
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Where the term 'solubility' is used in this

specification in relation to a dye/liquid crystal solution this
refers to the percentage by weight of dye in the solution

measured

at 20°C.

It should be noted that the solubility figures are

important in the production of materials for practical guest-

host applications for the following reasons:

products

below.

a. the optical properties at 20°C are improved with
greater dye content in the liquid crystal/dye solution
at 20°c.

b. the optical properties at lower temperatures are
improved with greater dye content in the liquid crystal/
dye solution at 20°C because greater solubility of a
given dye in a given host at 20°¢c normally leads to
greater solubility of the dye in that host at lower

temperatures.

Further properties have been measured for certain of the

mentioned above and these are listed in Tsbles 5 to 7

In the Tables 5 to 7 the fcilowing host liquid crystal

materials are referred to:

(1

Host 1, which is the materizl E/ surplied by BIE

Chemicals Ltd having a composition:

n—CsH —<0)y<oeN 51% by weight
h—"'C‘] HIS' _@‘@—CJ\! 25% by weight
. h—Cg Hno—-@—@—&f\! 1€% by weight
V\-.—CS-_H“ < LO<SN 8% by weignt

(2)

Host 2, which is the materizal ZLI 1132 suprlied by

E Merck Co. which includes the following compounds:
n—Cc Hy <N
e His (@
n—CsH <o
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(3) Host 3, which is the material ZLI 1695 supplied by
E Merck Co., Darmstadt. This has a clearing point (nematic-
to-isotropic transition temperature) of 72°C. It is a mixture.

including cyanophenylcyclohexane (PCH) compounds.

(4) Host 4, which is a commercially availsble material
containing phenyl dioxans.

This has a clearing point of 87°C. It is a mixture.

(5) Host 5, which is the material ZLI 1565 supplied by
E Merck Co. This has a clearing point of 85°C. It is a

mixture including cyanocyclohexylcyclohexane (CCH) compounds.

(6) Host 6, which is the material ZLI 1624 supplied by
E Merck Co. This has a clearing point of 87°%. It is a

mixture including PCH compounds,

(7) Host 7, which is the material RO TN 403 supplied by
F Boffman La Roche Co., Basle. This has a clearing point of

) . . . s

82°C and is a mixture including cyanophenylpyrizidine (PPM)
compounds.

(8) Host 8, which is the material RO TN 430 supplied by
F Hoffman Lt Roche Co. This has a2 clearing point of £5°C znd

is a mixture including PPM compounds.

(9 Host 9, which is a mixture of the following bicycloe(2,2,2) !
octane derivatives (see UK Patent Application Number 7926202 E '
R A N
by weight
L CN o e

30% by weight
r\—CT H\{‘@—@C‘M T
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Host Number 10

Compound Percentage of compound
in composition

n-CeHyy (o)<Ko)cN 38
n-C4 Ho—(1)<o)-cN 16
—_\:L—CSH“-_—@@’CM 21
O P OaOaOSIN | 7
n~Ce Hy—<E-<o)< oy o

¢, He-{B-cooH <) i

— —————

h—CiwlS— @6 Coo L

This is an example of a host material which itself

has a high order parameter.

(11) Host 11, which is a mixture of the following compounds

in the stated percentages by weight.

Compound Percentage of compouné
in composition

n-CeH, —)<e-cN 33
N—C3H7 H 14
n—CSH,l—@‘@—CM 18
"L“C‘S‘H“@“@'@—O\‘ 7
n=CeHy {<ed-en 10
CLHg——@—Cco 6
,\.—C7H!S_OO—@’@‘C1\’ L
r\—CYH“ (H) @ Q H R 8

This is an example of a host material which itself has

a high order parameter.
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(12) Host 12, which is a mixture of the following compounds
in the stated percentages by weight.

Component A: 90% by weight:

Compound Percentage

n- C3“7‘@'C0' 0_@'%““- *
F:
~— Qs\_‘“ __@' con @—CSH ’S’\—h 55
F:

Component B: (0% L‘ wg.%td—

r\—-CS'HM?-HS'.

Table Number 5

Firther properties of Product Numbers 1 and 5 (as defined above)

at 20%C -
Property Product Number 5 Product Number 1
Molar extinction coefficent 3 L
(CHC13) 9 x 10 1 x 10

Table Number 6

Further proverties of Dye Numbers 5 and 1 at ZOOC:Fading under
exposure to ultra-violet (u.v.) light (time for absorbance
to fall to 90% of its initial value)

Product Number 5 Product Number 1

a. Under '"black" light
(u.v., 20°C) 10,000 hr 20,000 hr

b. Under Xenon arc light
(u.v. + visible, 40°C) 5,000 hr 5,000 hr

e b ATk v 0 ¢ i
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Table Number 7

Further properties of Product Numbers 1, 5 and 10 in various
other host materials at 20°C
Properties of Properties of
Product Number Product Number
1 in host 5 in host
e b N\ <
] SoJubility )max . o ubliltyz,m;x S

Properties of
Product Number
10 ip host
Solubility x_
max

Host
Number

1 0.73 0.72 0.73

2 0.8 L6 550 0.80 2.0 k63 0.76 k.o kg3
3 0.79 550 0.81 1.5 L63 0.79 2.5 Lg3
Lk 0.75 550 0.81 k63
5 0.75 550 0.68 3.1 L6z 0.9k L6z
6 0.78 550 0.78 2.0 463

7 >0.7 550

8 o0.78 550 0.75 463

9 0.70 7.2 550 0.81 463 0.81 463
10 0.78 550 463 -

11 0.78 550 Lz -

12 3.0 550 463 0.77 2.0 L63

A suitable dye mixture made from the a2bove specific dyes

for 12 pm cells (see below) is as follows:

Dye Mixture 1

Product Nunmber 5
Product Number 1 2.0% by weight
Dye Number 30 1.0% by weight

Dye Number 30 is an example of a dye as described in UK

2.5% by weight

Patent Application Number 8123185 and has a formula:

HQ

o 0 oH
(CcH cHy o e e, cr(erzd,
wN ©  Nrh
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A preferred (more grey) dye mixture is as follows:
Dye Mixture 2
Product No 5 3.1% by weight
Product No 1 2.2% by weight
Dye No 30 1.2% by weight

Another suitable mixture is as follows:

Dye Mixture 3
Product No 5 1.7% by weight
Product No 10 1.2% by weight
Dye No 30 0.8% by weight

Examples of liquid crystal devices embodying the second
aspect of the present invention will now be described with

reference to the accoﬁpanying drawings in which:

Figure 1 is an exploded view of a Freedericksz effect

display device embodying the present invention,

Figure 2 is a sectional view of the device shown in

Figure 1; and

Figure 3 is a front view of z watch having 2 Jiguid

crystal dasplay constructed as shown iz Figures 1 azd 2.
As shown in Figure 1 a licuid crystal diszley of the
Freedericksz effect (positive nematic) type includes a liquid

crystal cell 3 comprising two glass slides 4, 5 contairing a

layer of liquid crystal material 6 which is basically a positive

nematic material together with a pleochroic dye. Electrodes
7, 8 eg of tin oxide are arranged on the inner faces of the
slides &4, 5. A brushed aluminium reflector 27 may be located
behind the slide 5.

[P
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Prior to assembling the cell 3 the slides 4, 5 (already

bearing the electrodes 7, 8) are coated on their inner faces with

silicon monoxide or magnesium fluoride. This coating is formed

k1

by evaporating a stream of eg silicon monoxide onto the slide at
an angle of about 5° to the surface as for example described in

UK Patent Specification Number 1,454,296. On assembly the slides
are arranged with the evaporation direction on the two slides 4, 5
parailel to one another. With such coatings applied liquid crystal
molecules at the coated surfaces lie in a single direction (parallel
to the evaporation direction) and at an angle of about 25° to 350
typically about 30° to the adjacent slide surface. As a result the
liguid crystal molecules lie in a parallel homogeneous texture

as indicated by arrow 13 (Figure 1). The dye molecules in guest-
host relationship with the liquid crystal molecules are also
roughly in this texture giving a relatively strongly coloured
appearance to the cell 3 (which is black or grey if the dye absorbs
uniformly .throughout the visible spectrum.

A single polariser 1 placed in fromt of, or behind, the
cell 3 (shown in front in Figure 1) with its transmission axis
parallel to the alignment direction of the liquid crystal material 6,
will enhance the colour of the display in this state, the "ofif"
state. By this arrangement the electric vector of the incident or
reflected light is confined roughly parallel to the trarsition
of the dye molecules.

When a suitable voltage, eg a few volts, (greater than the
threshold to give the effect) is applied between the electrodes

7 and 8, ie to give the "on" state, the molecules of the liquid
crystal material are switched to the homeotropic texture, ie to
lie parallel to the electric field along an axis perpendicular to
the slides 4, 5. The dye molecules are also switched to this
texture by the guest-host effect and have their long axes essen-
tially parallel (ie they are essentially "end-on") to light
incident on the cell 3 in a direction perpendicular to the slides
4, 5, effectively reducing their absorption of ambient light.
This gives the cell 3 a relatively clear or weakly coloured

appearance.
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If the electrodes 7 and 8 cover only part of the inner
surface of the slides 4 and 5 respectively the entire cell 2 will

eppear strongly coloured (ie strongly reflects) in the "off"
state whereas in the '"on" state only the region of the liguid
crystal material 6 between the elecirodes 7, 8 will appear clear
or weakly coloured in the "on'" state the remainder of the cell 3
appearing stirongly colourec, ie remaining in the Yoff" state.
(If the pieochroic dye absorbs uniformly throughout the visible

spectrum the strong colouration will appear black or grey.)

Thus, by shaping the electrodes 7, 8 into discrete facing
parts, eg bars of a digit separately connectable to a voltage
source (not shown),symbols or letters may be displayed. This
may be achieved by photoetching (in a known way) the layers,

eg SnOZ. used to form the electrodes 7, 8 prior to assembly.

For example, in the waich display of Figure 3 the elecirodes
7. 8 are shaged to provide four seven bar numeric digits to
display time; eg the digits are displaying 12.45 as shown in

Figure 3. A pulsed period dot P is also included, as in conven-

tional watch displays. to indicate operation of the displiay.

Examples of suitablie dyed liguid crystal materizl for use as
the material 6 above is the above mentioned Dye Mixture 1
dissolved in one of the two hosts EL3 and Host 1 defined sbove

(the thickness of the material 6 layer being 12 um).

In an alternative device embodying the second aspect of the
present invention a cholesteric to nematic phase change effect
is made in a known way. The method of construction is the =me
as that described above with reference to Figures 1 to 3 except
that no MgF2 or S8i0 coating is applied to the inner surfaces of
the electrode bearing slides 4, 5, no polariser 1 is required and
the liquid crystal material 6 in this case is essentially a long
pitch cholesteric material (having a molecular helical pitch of
the order of about 2 um containing a pleochroic dye). A suitable
material is one of the two hosts EA43 and Host 1 defined above
containing Dye Mixture 1 defined above (as used in the specific
Fréedericksz effect device described with reference to Figures

1 to 3) (the thickness of the material 6 layer again being 12 um).

o in e re—————— o - 2l 5 s L w



- 0155345

In the "off" state {(with no voltage applizd) the c=il 3

again avpears strongly coloured in this casé (as in the
/ . - . . . -
Freedericksz effect device). The liquid crystal material & in

this state is in the foc2l conic texture which comprisec an

2
Red s -~

3

arrangement of random molecular helices. The dye moleculss take
up the same arrangement by the guest-host effect. The streng
colouration (which may be black or dark grey) is because ambient
white light incident on the material 6 via the slide & is
partially absorbed by the dye molecules which are perpendicular

or oblique to the light propagation direction.

In the "on" state a voltage (typically 10-15 voits) is
applied between the glectrodes 7. 8 sufficient to give the
homeotropic texture, ie with the liquid crys:al molecules beiveen
the electrodes 7, 8 essentially re-orientated to lie perpendicular
to the slides &, 5. The dye molecules betwsen the electrodes 7, 3
are re-orientated to this arrangement by the guest-host effect.
The region between fhe electrodes 7, 8 appears clear or weakly
coloured in this state {as with the Freedericksz effect device)
because the dye molecules are essentially Yend-on" to ambient
light propagating in z direction perpendicular to the cell 3,
ie perpendicular to the slides 4, 5 (via the slide 4).

A suitable host in this case is either E43 or Host Number

specified above (96% by weight) plus CB 15 (4% by weight)
Dye Mixture 1 defined above may be used as the guest dye.

CB 15 is the compound (+)-C Hy CHy CH (CH_g} CH}.—MCN
supplied by BDH Chemicals Ltd.

-3
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CLAIMS
1. An anthraquinone compound of the formula:
Yls o SY2
1
/
™
Y3S 0 H

wherein Yl, Y2 and Y3 are each independently alkyl, aryl or
cycloalkyl provided that not more than two of ¥, to Y, are

1 3
identical.

2. An anthraquinone compound according to Claim 1 wherein
Yl, Y2 and Y3 are each independently Cl to C,, alkyl, up to C

20 15
aryl or C4 to C8 cycloalkyl.
3. An anthraquinone compound according to Claim 1 or Claim 2
wherein at least one of the alkyl, aryl and cycloalkyl radicals
represented by Y1} Y2 and Y3 carries a non-ionic substituent.
4, An anthraquinone compouné according to Claim 3 wherein
the substituent on the aryl radical is selected from lower alkyl,
lower alkoxy, halogeno, C4 to C8 cycloalkyl and monocyclic aryl.
5. . An anthraquinone compound according to Claim 3 wherein
the substituent on the alkyl radical is selected from lower
alkoxy, halogeno and monocyclic aryl.
6. An anthraquinone compound according to any one of
Claims 1 to 4 wherein Yl, Y2 and Y3 are phenyl radicals two of
vhich differ in the nature or the position of a substituent
thereon.
7. The anthraquinone compound according to Claim 1 or
Claim 4 wherein Yl and Y3 are 4-t-butylphenyl and Yz is phenyl.
8. A composition comprising at least one unsymmetrical
poly(substituted-thio)anthraquinone compound according to any one
of Claims ] to 7 and at least one symmetrical poly-(substituted-
thio)anthraquincene compound, in which all the substituted-thio

groups are identical.
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9. A composition according to Claim 8 containing at least
50%Z, by weight, of the unsymmetrical poly(substituted-thio)-
anthraquinone compound. .

10. An anthraquinone compound or composition-according to any
one of Claims 1 to 9 wherein the product of the molar extinction
of the dye or composition and the solubility of the dye (in
moles/litre) is at least 500 cm_l.

11. An anthraquinone compound according to Claim 1 as

described in Example 19 or Example 20.



0155345

/'

REFLECTED

4

—

AMBIENT

74

“NANNANANNNNNN ST oW

e le Ll L L

S SIS SN SSS - o)
T N
NI S SSUNSESSNAOSNNN

V.

Fig.

e n e Leded

NN

LIGHT



	bibliography
	description
	claims
	drawings

